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METHODS FOR INHIBITING HUMAN IMMUNODEFICIENCY VIRUS 

Field of the invention! 

This invention relates to use of neplanocin-A, 4'thio- 
adenosine, 5-aza-cytidine, 3-deaza-aristeromycin and 3-deaza- 
neplanocin for inhibition of human immunodeficiency virus 
(HIV), especially when the virus is resistent toward 3'-azido- 
3 ' -deoxythymidne (AZT) . 
Background of the Invention; 

The treatment of AIDS using antiviral medication has met 
with minimal success. The use of 3 '-azido-3'-deoxythymidine 
(AZT) for treatment has proven problematical for several 
reasons. Virus exposed to AZT often develop a resistance to 
AZT. Furthermore, AZT is a very toxic agent. Long term 
treatment often results in anemia assoicated with erythroid 
hypoplasia and megaloblastic changes in the bone marrow. The 
drug itself is expensive and the cost of laboratory monitoring 
of patients results in still further expense. Additional 
effects of AZT include severe headache, nausea, insomnia and 
myalgias. It is essential that new agents be found that will 
effectively inhibit AZT-resistant strains and are devoid of 
toxic reactions. 

The effectiveness of an antiviral agent against other 
viruses is not predictive. Several antiviral agents which are 
effective against other viral infections have proven to be 
ineffective against HIV, and AZT is not effective against such 
viruses as herpes simplex or varicella. 

Dideoxyinosine (ddl) and dideoxycytidine (ddC) have also 
been shown to be useful in the treatment of AIDS. Di- 
deoxyinosine has presently been approved for clinical use. The 
primary toxic effects are primarily peripheral neuropathy and 
pancreatitis. When given in conjunction with AZT some of the 
more serious effects of both drugs can be minimized. The drug 
ddC has shown excellent antiviral activity and is presently 
undergoing clinical trials. Currently it has been shown to 
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present a pattern of peripheral neuropathy similar to that of 
ddl. However, pancreatic effects appear to be less serious 
than effects seen using ddl. 

Neplanocins have been known previously to have antitumor 
activity. Some of the neplanocins, including A and C, have 
also been known to have growth inhibitory activity on some 
kinds of plant pathogenic fungi. Neplanocin-A has also been 
reported to have antimalarial activity. (Whaun, et al., 
Journal of Phar macology and Experimental Therapeutics . Vol. 
236, No. 1, pp 277-282 (1986)) There is no suggestion that 
neplanocin-A would inhibit HIV. 

Adenosine analogues as substrates and as inhiitors of S- 
adenosylhomocysteine hydrolase, including carbocyclic adeno- 
sine, are taught by Guranowski, et al. ( Biochemistry . Vol. 20, 
No. 1, pp 110-155 (1981)). There is no teaching regarding 
neplanocin-A therein. Antiviral properties of neplanocin-A 
and its analogs are described by DeClerq, et al. f Antimicrobial 
Agents and Chemotherapy. Vol. 33 No. 3, pp 1291-1297 (1989)). 
De Clerq comes to the conclusion that neplanocin-A is not 
effective against HIV at non-toxic levels. 

3-Deaza-aristeromycin (also known as carbocyclic 3-deaza- 
adenosine) is disclosed in U.S. Patent 4,386,093 to Chiang, et 
al which is incorporated herein by reference, has been shown 
to be effective for inhibiting herpes simplex virus. There is 
no suggestion therein that 3-deaza-aristeromycin would be 
effective against HIV. The 3-deaza-aristeromycin is relatively 
non-cytotoxic at antiviral concentrations and is not subject 
to deamination or phosphorylation. At a K 1 of 3 X 10 _6 M it acts 
as a competitive inhibitor of S-adenosylhomocysteine hydrolase. 
Wyde, et al. ( Antiviral Research . 14 (1990) 215-226) discuss 
the antiviral efficacy of 3-deaza-aristeromycin against 
respiratory syncytial virus (RSV) and parainfluenza type 3 
virus (PIV3) infections when tested in tissue culture and in 
cotton rats. In cotton rats, animals given 1 mg/kg/day 
intraperitoneally showed consistent reductions in disease when 
compared to control animals. No toxic effects were noted in 
cotton rats, even in animals given 20 mg/kg/day for eight 
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consecutive days. However, there is no indication therein that 
3-deazaaristeromycin might be effective against HIV infection. 

The discussion of carbocyclic analogs of 3-deaza-adeno- 
sine, 3-deaza-aristeromycin and 3-deazaneplanocin, are 
described by Chiang, et al as inhibitors and as alternative 
substrates of s-adenosylhomocysteine hydrolase ( Journal of 
Biologic al Chemistry . Vol.287, No. 7, pp 4988-4991 (1992)). 
There is no suggestion therein that either compound has use for 
inhibition of HIV. 

Detailed Description of the inventions 

It has now been found that neplanocin-A, 4'thioadenosine, 
5-aza-cytidine 3-deaza-aristeromycin and 3-deazaneplanocin are 
very effective HIV inhibiting agents. Even more surprising is 
the discovery that these compounds are particularly effective 
against HIV that have been shown to be AZT resistant. The use 
of the particular species for purposes of inhibiting the 
activity of the AIDS virus is particularly important in the 
fight against AIDS in persons who have been treated with AZT 
and either no longer respond to treatment or are suffering from 
unacceptable side effects. 

Agents for use in accord with the teachings of the 
invention are the following: 




OH 



OH 



neplanocin-A 



3 -deaza-neplanocin 



5-aza-cytidine 
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10 3-deaza-aristeromycin 4'thio-adenosine 

While amino and hydroxy groups may be carboxylated to provide 
esters and amides, the unsubstituted compounds are believed to 
be most useful for providing immediate beneficial results 
15 against the HIV virus. 

The compositions have been studied in accord with the 
methods described below. 

Viral Isolation: All clinical HIV-1 isolates were obtained by 
co-cultivation of phytohemagglutinin (PHA) -stimulated donor 

20 peripheral blood mononuclear cells (PBMC) with fresh patient 

PBMC obtained by f icoll-Hypaque separation of heparinized 
blood. Isolates were expanded on fresh donor PBMC to obtain 
a virus stock which was frozen in aliquots at -180"C. 
Viral Stock Titration: actg/dod Consensus Hiv-i Drug suscepti- 

25 bility Assay: The tissue culture infectious dose 50% (TCID 50 ) 

was determined by endpoint dilution using sextuplicate serial 
4-fold dilutions ranging from 1:16 to 1:64,000 in a 96-well 
microtiter plate. Each well contained 2 X 10 5 PHA-stimulated 
donor PBMC in a total volume of 2 00 jil of supplemented RPMI- 

30 1640. Plates were incubated at 37 °C in humidified air with 

5% C0 2 . On the fourth day, the cells were resuspended, split 
1:3, and fresh medium was added. On the seventh day, 100 jul 
of supernatant was assayed for p24 antigen. Wells were scored 
as positive if p24 Ag was > 30 pg/ml. One TCID 50 was defined 

35 as the amount of virus stock at which 50% of the inoculated 

wells were positive and was based on the number of positive 
wells at each viral dilution using the Spearman-Karber method. 
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ACTG/DOD HIV-1 Drug Susceptibility Assay: PHA- stimulated donor 
PBMC were incubated with cell-free virus stock at 200 TCID 50 
per 2 X 10 5 cells for one hour at 37 "C. The cells were washed 
r with RPMI-1640 and centrifuged at 300 g for 10 minutes. The 

5 supernatant was removed and the cells were resuspended in 8.0 

ml of fresh medium. A 96-well microtiter plate was set up with 
2 X 10 5 cells/well added to drug containing media with final 
concentrations of 0.001, 0.01, 0.1, 1.0, and 5.0 (M zidovudine 
(AZT) . The concentration of 3-deazanucleosides used in this 
10 study were 0.001, 0.01, 0.1 and 1.0 /*M. There were six no-drug 

control wells and triplicate wells for each drug concentration. 
Co-cultures were incubated at 37 °C in humidified air with 5% 
co 2 . 

On the fourth day the cells were resuspended and split 
15 1:3. Media with the appropriate drug concentration was 

replaced in each well and the plates were returned to the 
incubator. Supernatant p24 Ag was quant itated at day seven by 
antigen capture ELISA (Coulter Immunology) . The 50% inhibitory 
concentration (ICgg) for each drug was determined by comparing 
20 the p24 antigen values in the control wells to the values in 

the drug containing wells using the median effect equation. 
Cytotoxicity Studies: Into wells of a microtiter plate were 
placed 2 X 10 5 PHA-stimulated normal PBMCs and cultured media 
(200 jul) with various concentrations of each drug. Cells in 
25 control wells were cultured in media without a drug. On the 

fourth day, the cells in the wells were mixed and 125 fj.1 of 
media was removed and 150 Ml of fresh media containing the 
appropriate concentration of drug was added. Cell viability 
and total viable cells were determined on the seventh day. 
30 The inhibition of HIV-l p24 antigen production in 

peripheral blood mononuclear cells (PBMC) by several agents has 
been studied. Neplanocin-A, 4'thioadenosine and 5-aza-cytidine 
were all tested for their anti-HIV activity (See Table I) . All 
, clinical HIV-1 isolates were obtained in accord with the 

35 methods described above. The HIV tissue culture infectious 

dose 50% (TCID 50 ) was determined as described previously. 
Table I 
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HTV TSOTATE 


AZT 






0^0928 


5-aza-c 


pre-AZT (A012) 


0. 0213 


0 . 0092 


l- LDJ / 






post-AZT(A012) 


2.1345 


0.0012 


(1250) 


0.6323 


0.1733 


re-AZT (AO 18) 


0.0101 


0.0122 


(125) 


0.0932 


0.1002 


post-AZT(A018) 


1.2325 


0.0008 


(1875) 


0.0645 


0.8342 


18199** 


1.6456 


0.0096 


(156) 


0.2122 


1.2378 


18190** 


0.0433 


0.0045 


(333) 


0.1074 


0.2134 



NEPA = neplanocin-A 
SAdo = 4 ' -thoadenosine 
5-aza-C = 5-aza-cytidine 

Were obtained from National Institutes of Health AIDS 
Research and Reference Reagent Program. 

( ) gives thereapeutic index (ic 50 for PBMC cytotoxicity/ic 50 
for anti-HIV-i activity) . 
5 ** Exposure to AZT for unknown duration. 

Similarily, studies were done evaluating effect of 
deazaneplanocin (DZNep) , deaza-aristomycin anddeaza-adenosine, 
as shown in Table II. 
Table II 

io : iCgo am 

HIV ISOLATE AZT DZNep DZAri DZA 

pre-AZT (A012) 0.0163 0.0095 (95) 0.1597 (6) 0.1909 (5) 

post-AZT(A012) 2.0729 0.0012 (750) 0.3970 (2) 0.1038 (7) 

re-AZT (A018) 0.0252 0.0153 (59) 0.1867 (5) 0.2187 (3) 

15 post-AZT(A018) 2.2881 0.0051 (177) 0.0838 (11) 0.6254 (1) 

18199 2.1840 0.0112 (80) 0.1723 (5) 0.9241 (1) 

18190 0.0451 0.0068 (132) 0.0653 (14) 0.1295 (5) 



DZNep = 3 -deazaneplanocin 
20 DZAri = 3-deaza-aristeromycin 

DZA = 3-deaza-adenosine 

It was found, surprisingly, that the HIV strains which were 
obtained from patients who had been exposed to AZT were 
unexpectedly susceptible to inhibition by active agents of the 
25 invention. The reason for this is not known. However, it is 

clear that these agents are particularly effective for inhibit- 
ing HIV activity of organisms already exposed to AZT. 
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Compositions for therapeutic use: 

Compositions of the invention may be administered by mouth 
or par enteral ly. However, when the condition being treated is 
chronic in nature, it is economically advantageous to adminis- 
5 ter the drug either in tablet or capsule form or through the 

mucous membrane. Compositions for administration to the mucous 
membranes may advantageously be delivered as a mist to the 
membranes of the respiratory tract or may be administered 
buccally or sublingually. The active agents may be adminis- 

10 tered as cyclodextrin inclusion complexes prepared in accord 

with the teaching of U.S. Patent 4,727,064, which is incorpo- 
rated herein by reference. Compositions may also be adminis- 
tered rectally as supposititories . The active agents may be 
formulated in liposomes, microcrystals or mcirodroplets . For 

15 parenteral administration, the usual carriers, including 

saline, may be used. Other microbials may be administered in 
conjunction with neplanocin-A. For example, homocysteine or 
homocysteine thiolactone may be administered to enhance anti- 
H1V activity. 

20. Compositions of the invention may be administered 

parenterally by, for example, intramuscular, subcutaneous, or 
intravenous routes. Dosage of from 0.01 to 4 mg/Kg/day should 
be administered. Higher dosages may be required early in the 
treatment program to raise blood levels to effective levels. 
25 Dosage of .02 to .5 mg/Kg/day would be more usual. The 

following examples are provided as examples only and are not 
intended as limitations. 
For oral administration: 

Neplanocin-A 50 mg 

30 lactose 80 mg 

corn starch 10 mg 

^ The resulting formulation may be placed in a capsule or formed 

into a tablet for oral administration. 
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Syrup per 30 ml 

4 / -thioadenosine 50 mg 

sucrose 10 gr 

sodium ben zo ate 10 mg 

5 water qs. to 30 ml 

Cyclodextrin inclusion complex 

3-deazaneplanocin 50 mg 

2- hydroxy-B-cyclodextrin 500 mg 

10 water qs. to 5 ml. 

For oral administration: 

3- deaza-aristeromycin 50 mg 
lactose 80 mg 

15 corn starch 10 mg 

The resulting formulation can be placed in a capsule for oral 
administration or be formed into a tablet. 

Syrup per 3 0 ml 

20 3-deaza-aristeromycin 50 mg 

sucrose 10 gr 

sodium benzoate 10 mg 

Water qs. to 30 ml 

Cyclodextrin inclusion complex 
25 3-deaza-aristeromycin 50 mg 

2-hydroxy-B-cyclodextrin 500 mg 

water qs. to 5 ml. 

_ It is understood that the dosage required will depend on 
the age, size and condition of the patient. The compositions 
30 containing the active agents may be administered intravenously 

in the usual carriers such as normal physiological saline, 
lactated Ringer's solution, or 5% dextrose in water. 

The compositions may also be administered intraocullarly. 
Many AIDS patients suffer from cytomegalovirus as a secondary 
35 infection. The compositions of the invention may be particu- 

larly useful for administration to these patients. Dosages 
may be determined by the method described which gave rise to 
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the data in Table I and II. It is possible thereby to evaluate 
the susceptability of the HIV strains that infect patients and 
to deliver a sufficient dosage to reach the required concentra- 
tion for inhibition HIV. The suggested initial dosage is that 
amount required to deliver a blood concentration of 2X to 3X 
the IC 50 determined as described above. 
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1. A human immunodeficiency virus inhibiting formulation 
containing as an active agent a immunodeficiency virus 
5 inhibiting effective amount of at least on active agent 

selected from neplanocin-A, 4 'thi ©adenosine, 5-aza- 
cytidine, 3-deaza-aristeromycin and 3-deazaneplanocin in 
a pharmaceutical carrier 

10 2. A formulation of claim 1 wherein the amount of active 

agent is between .01 mg/kg/day and 4 mg/kg/day. 

3. A formulation of claim 2 wherein the amount of active 
agent is between . Olmg/kg and .5 mg/kg/day. 

15 

4. A formulation of claim 1 which is in capsule form. 

5. A formulation of claim 1 wherein the composition is a 
primarily water. 

20 

6. A formulation comprising a cyclodextrin inclusion complex 
containing as an active agent at least one compound 
selected from neplanocin-A, 4 'thioadenosine, 5-aza- 
cytidine, 3-deaza-aristeromycin and 3-deazaneplanocin. 

25 

7. A formulation of claim 1 wherein the active agent is 3- 
deaza-aristeromycin. 

8. A formulation of claim 1 wherein the active agent is 3- 
30 deazaneplanocin. 

9. A formulation of claim 1 which is a tablet. 

10. A method of claim 1 wherein the composition is adminis- 
35 tered intraocularly. 



11. A formulation of claim 1 wherein the active agent is 
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neplanocin-A. 

12. A formulation of claim 1 wherein the active agent is 
4 ' thio-adenosine . 

13. A formulation of claim 1 wherein the active agent is 5- 
aza-cytidine. 

14. A formulation of claim 1 containing homocysteine or 
homocysteine lactone and at least one active agent 
selected from among neplanocin-A, 4 'thioadenosine, 5-aza- 
cytidine, 3-deaza-aristeromycin and 3-deazaneplanocin. 
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